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DQ LQWHJUDWHG IUDPHZRUN IRU /&( GHILQLQJ WKH FRQFHSW DQG LWV ERXQGDULHV DQG LW DUJXHV IRU WKH QHHG WR UHRULHQWDWH /&( WRZDUGV WKH
HQYLURQPHQWDOGLPHQVLRQRIVXVWDLQDELOLW\7KURXJKDQLQWHJUDWHGWRSGRZQDQGERWWRPXSDSSURDFKWKHIUDPHZRUNHVWDEOLVKHVDUHODWLRQVKLS








:LWK WKH  UHSRUW µ2XU FRPPRQ IXWXUH¶ IURP WKH81
&RPPLVVLRQ IRU (QYLURQPHQW DQG 'HYHORSPHQW WKH
µ%UXQGWODQG &RPPLVVLRQ¶ VXVWDLQDELOLW\ ZDV SRVLWLRQHG
FHQWUDOO\ LQ WKH GLVFXVVLRQ RI RXU GHYHORSPHQW RI WKH ZRUOG
>@$VXVWDLQDEOHGHYHORSPHQWZDV LGHQWLILHGDVPHHWLQJWKH
QHHGV RI WKH SUHVHQW ZLWKRXW FRPSURPLVLQJ WKH DELOLW\ RI
IXWXUH JHQHUDWLRQV WR PHHW WKHLU RZQ QHHGV >@ 7KH UHSRUW
LQWURGXFHG WKH SRLQW WKDW D VXVWDLQDEOH GHYHORSPHQW DW WKH
VDPH WLPH PXVW FRQVLGHU ERWK WKH HQYLURQPHQWDO GLPHQVLRQ
DQG WKH VRFLDO DQG HFRQRPLF GLPHQVLRQV 7KLV LQVSLUHG WKH
FRQFHSW RI WKH WULSOH ERWWRP OLQH WR WKH FRUSRUDWH ZRUOG
FKDOOHQJLQJ FRPSDQLHV WR FRQVLGHU DOO WKUHH GLPHQVLRQV RI
VXVWDLQDELOLW\ DQG DW WKH VDPH WLPH RSWLPLVH WKH XVH RI WKH
HFRQRPLF FDSLWDO WKH KXPDQ FDSLWDO DQG WKH HQYLURQPHQWDO
FDSLWDO >@ 'ULYHQ E\ WKH H[SHFWDWLRQV RI ILQDQFLDO PDUNHWV
PRVW FRPSDQLHV VWLOO FRQVLGHU WKH HFRQRPLF ERWWRP OLQH DV
PRUH LPSRUWDQW WKDQ WKHRWKHU WZR$W D VRFLHWDO OHYHOZHDN
VXVWDLQDELOLW\ DOORZV IXOO WUDGHRIIV EHWZHHQ WKH WKUHH
GLPHQVLRQVPHDQLQJWKDWHURVLRQRIWKHQDWXUDOFDSLWDOFDQEH
FRPSHQVDWHGE\LQFUHDVHVLQKXPDQDQGHFRQRPLFFDSLWDO>@
5HDOLVLQJ WKH IXQGDPHQWDO UROH WKDW WKH HQYLURQPHQWDO




KXPDQZDVWHV DUH QRW H[FHHGHG LQ RUGHU WR SUHYHQW KDUP WR
KXPDQV´ 5HFHQW GHYHORSPHQWV LQ WKH XQGHUVWDQGLQJ RI WKH
VWUDLQWKDWRXUVRFLHWLHVSXWRQWKHQDWXUDOHQYLURQPHQWDQGWKH
FRQVHTXHQFHV WKDW WKH UHVXOWLQJ FKDQJHVPD\KDYHRQ LWV OLIH
VXSSRUWIXQFWLRQVQRZDQGLQWKHIXWXUHKDYHUHLQIRUFHG
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(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the scientifi c committee of the 24th CIRP Conference on Life Cycle Engineering





VWURQJHU VXVWDLQDELOLW\ GHILQLWLRQV ZKHUH WKH VRFLDO DQG
HFRQRPLF GLPHQVLRQV DUH QHVWHG LQVLGH WKH HQYLURQPHQWDO
GLPHQVLRQDVLOOXVWUDWHGLQ)LJXUH
7KH,3$7HTXDWLRQEDVHGRQZRUNE\(UOLFKDQG+ROGUHQ
>@ DQG&RPPRQHU >@ VXSSRUWV DQ DQDO\VLV RI WKH FKDOOHQJH
WKDW FHQWUDO GULYLQJ IRUFHV SRVH WR WKH GHYHORSPHQW RI WKH
SURGXFWLRQ DQG FRQVXPSWLRQ SDWWHUQV LQ D IXWXUH VXVWDLQDEOH
VRFLHW\$V VHHQ LQ(T LW SUHVHQWV WKH WRWDO HQYLURQPHQWDO
LPSDFW , DV D IXQFWLRQRI WKH FHQWUDO GULYHUV UHSUHVHQWHGE\
WKH KXPDQ SRSXODWLRQ 3 WKH KXPDQ DIIOXHQFH $
UHSUHVHQWLQJWKHPDWHULDOVWDQGDUGRIOLYLQJSHUFDSLWDDQGWKH
WHFKQRORJ\ IDFWRU 7 UHSUHVHQWLQJ WKH HQYLURQPHQWDO LPSDFW
FDXVHGE\RXUWHFKQRORJ\SHUFUHDWHGYDOXH
ܫ ൌ ܲ ή ܣ ή ܶ    
7R JHW DQ LGHD RI WKH FKDOOHQJH WR HQVXUH HQYLURQPHQWDO
VXVWDLQDELOLW\ FRQVLGHU WKH IROORZLQJ FRQGLWLRQV IRU D
VXVWDLQDEOH FOLPDWH FKDQJH LPSDFW , LQ  $FFRUGLQJ
,3&& >@ ZH QHHG WR UHGXFH PDQPDGH HPLVVLRQV RI
JUHHQKRXVH JDVHV LQ  E\ EHWZHHQ  DQG  RI WKH
FXUUHQWOHYHODQGE\FORVHWRLQLQRUGHUWRKDYHD
UHDVRQDEOH SUREDELOLW\ WR VWD\ EHORZ WKH  GHJUHH WDUJHW WKDW
ZDVDJUHHGIRU WKHJOREDO WHPSHUDWXUH LQFUHDVHDW WKH&23
PHHWLQJLQ3DULV0HDQZKLOHWKHJOREDOSRSXODWLRQ3LV
SUHGLFWHG WR LQFUHDVH E\ D IDFWRU  FRPSDUHG WR WRGD\ WR
UHDFKELOOLRQLQ>@7KDQNVWRWKHVWURQJHFRQRPLF
GHYHORSPHQW LQPDQ\GHYHORSLQJ UHJLRQV WKHJOREDO DYHUDJH
DIIOXHQFH $ LV H[SHFWHG WR LQFUHDVH DQG KHUH D IDFWRU 
VHHPV WR EH D FRQVHUYDWLYH HVWLPDWH 7R DFKLHYH D 
UHGXFWLRQLQ, WKHWHFKQRORJ\IDFWRU7KDVWRFRPSHQVDWH WKH
LQFUHDVHV LQ 3 DQG $ DQG GHFUHDVH E\ FORVH WR D IDFWRU 
î
/&()UDPHZRUN
7KH WHFKQRORJ\ IDFWRU 7 LV WKH UHFLSURFDO RI WKH HFR
HIILFLHQF\RIWKHWHFKQRORJ\±KLJKHFRHIILFLHQF\HQWDLOVKLJK
YDOXH FUHDWLRQ ZLWK VPDOO HQYLURQPHQWDO LPSDFW >@ 7KH
HQYLURQPHQWDO LPSDFW FDQ EH PHDVXUHG XVLQJ OLIH F\FOH
DVVHVVPHQW /&$ DQG LW LV W\SLFDOO\ XVHG DV D UHODWLYH
PHDVXUH LQ FRPSDULVRQV RI SURGXFWV RU WHFKQRORJLHV
+LVWRULFDO GHYHORSPHQW KDV GHPRQVWUDWHG WKDW H[FOXVLYHO\
IRFXVLQJ RQ HFRHIILFLHQF\ LV LQVXIILFLHQW WR HQVXUH
VXVWDLQDELOLW\ ,Q WKH ,3$7 HTXDWLRQ WKHUH DUH
LQWHUGHSHQGHQFLHV EHWZHHQ WKH IDFWRUV DQG D FRXSOLQJ
EHWZHHQ $ DQG 7 KDV EHHQ REVHUYHG HJ IRU OLJKWLQJ
WHFKQRORJLHV >@ PHDQLQJ WKDW LPSURYHPHQWV RI VHYHUDO
RUGHUVRIPDJQLWXGHLQHIILFLHQF\7RYHUWKHODVWFHQWXULHV
KDYHEHHQPRUH WKDQQHXWUDOLVHGE\ DFFRPSDQ\LQJ LQFUHDVHV
LQ FRQVXPSWLRQ $ ,QGHHG DQ LQFUHDVH LQ WHFKQRORJ\
HIILFLHQF\PD\GULYH LQFUHDVHV LQ FRQVXPSWLRQ WKURXJKZKDW
LV FKDUDFWHULVHG DV DQ HFRQRPLF UHERXQG HIIHFW >@
'HYHORSPHQW RI VXVWDLQDEOH SURGXFWLRQ DQG FRQVXPSWLRQ
UHTXLUHVWKDWWKHIRFXVRQHFRHIILFLHQF\EHDFFRPSDQLHGE\D
IRFXV RQ HFRHIIHFWLYHQHVV HQVXULQJ WKDW QHHGV IXOILOPHQW LV
DFKLHYHG LQ DPDQQHU WKDW µLV LQ DFFRUGDQFHZLWK WKHRYHUDOO
FRQGLWLRQV WKDW PXVW EH PHW E\ D VXVWDLQDEOH VRFLHW\¶ >@
$EVROXWHERXQGDULHVIRU WKHHQYLURQPHQWDO LPSDFWKDYHEHHQ
SURSRVHGDVDJXLGDQFHWRDVVHVVHFRHIIHFWLYHQHVVDWWKHOHYHO
RI FRXQWULHV DQG HYHQ LQGLYLGXDO FRPSDQLHV >@ 7KH
SODQHWDU\ ERXQGDU\ FRQFHSW SURSRVHG E\ 6WHIIHQ HW DO >@
DGGUHVVHV HQYLURQPHQWDO SURFHVVHV DIIHFWLQJ WKH VWDELOLW\ RI
SODQHWDU\ VHOIUHJXODWLQJ V\VWHPV DQG WKH SURSRVHG
ERXQGDULHV DUH DW WKHJOREDO OHYHO%M¡UQ DQG+DXVFKLOG >@
GHYHORS ERXQGDULHV EDVHG RQ FDUU\LQJ FDSDFLW\ RI UHJLRQDO
HFRV\VWHPV IRU WKH LPSDFW FDWHJRULHV QRUPDOO\ FRYHUHG LQ
/&$DQGSURSRVHWKHLULQWHJUDWLRQLQWRWKH/&$PHWKRGRORJ\
WR VXSSRUW DVVHVVPHQWV RI DEVROXWH HQYLURQPHQWDO
VXVWDLQDELOLW\
$W WKH81*HQHUDO$VVHPEO\6HSWHPEHU LQ1HZ






&RQVXPSWLRQ DQG 3URGXFWLRQ ± (QVXUH VXVWDLQDEOH
FRQVXPSWLRQDQGSURGXFWLRQSDWWHUQVZLWKVRPHRIWKHWDUJHWV
FRQFHUQLQJ
Ͳ VXVWDLQDEOH PDQDJHPHQW DQG HIILFLHQW XVH RI QDWXUDO
UHVRXUFHV
Ͳ KDOYLQJRIIRRGZDVWH





























Ͳ UHGXFHG XVH RI FKHPLFDOV WKDW PD\ DFFXPXODWH LQ
PDWHULDOVWKURXJKPXOWLSOHPDWHULDOORRSV




(QJLQHHULQJ RI SURGXFWV DQG WHFKQRORJ\ LQ D OLIH F\FOH





RXU RYHUDOO WHFKQRORJ\ E\  LV D GDXQWLQJ WDVN $V
VXJJHVWHGE\WKH81VXVWDLQDEOHGHYHORSPHQWWDUJHWVDQGWKH
(8 DFWLRQ SODQ RQ FLUFXODU HFRQRP\ LW UHTXLUHV WDUJHWHG
HQJLQHHULQJ RI DOO SDUWV RI WKH SURGXFW DQG WHFKQRORJ\ OLIH
F\FOHV IURP WKH SULPDU\ VHFWRUV SURYLGLQJ WKH UDZPDWHULDOV
RYHU WKH GHVLJQ DQG GHYHORSPHQW RI QHZ JHQHUDWLRQV RI
SURGXFWV DQG PDQXIDFWXULQJ V\VWHPV WKURXJK WKHLU XVH DQG
PDLQWHQDQFH WR GHFRPPLVVLRQLQJ DQG HQG RI OLIH $V D
FRQVHTXHQFHFRPSDQLHVWKDWGHVLJQDQGPDQXIDFWXUHSURGXFWV
DUH IDFLQJ D FRPSOH[ VLWXDWLRQ ZLWK D ZLGH UDQJH RI
UHTXLUHPHQWV DQG PHWKRGV DQG WRROV WR DGGUHVV WKHP
&RPSDQLHV RIWHQ UHDFW WR DQ LQFUHDVH RI WKH H[WHUQDO
FRPSOH[LW\ ZLWK WKH GHYHORSPHQW RI LQQHU VWUXFWXUHV
([DPSOHV DUH WKH HVWDEOLVKPHQW RI QHZ EXVLQHVV XQLWV IRU
HQYLURQPHQW RU FRUSRUDWH VRFLDO UHVSRQVLELOLW\ KLULQJ QHZ
VWDIILQIRUPRIH[SHUWVRULQWURGXFLQJQHZPHWKRGVDQGWRROV
HJWRHQDEOHOLIHF\FOHDVVHVVPHQWRUWRWDOFRVWRIRZQHUVKLS
VWXGLHV &RQVHTXHQWO\ QRW RQO\ WKH H[WHUQDO FRPSOH[LW\ EXW
DOVRWKHLQQHUFRPSOH[LW\LVKLJK2QHWKHRQHKDQGFRQVLVWHQW
GHILQLWLRQV FDQ KHOS WR XQGHUVWDQG WKHPHDQLQJ RI OLIH F\FOH
HQJLQHHULQJDQGUHODWHGPHWKRGDQGWRROV2QWKHRWKHUKDQG
IUDPHZRUNVFDQKHOSWRVWUXFWXUHWKHOLIHF\FOHSHUVSHFWLYHDQG
WKHUHIRUH KHOS WR FUHDWH RULHQWDWLRQ DQG JHW WKH QHFHVVDU\
WUDQVSDUHQF\ WR VHOHFW DQG FRPELQH WKH ULJKW PHWKRGV DQG
WRROV>@
,Q WKH HDUO\ V WKH86 'HIHQFH$GYDQFHG 5HVHDUFK
3URJUDP $JHQF\ '$53$ LQLWLDWHG LQYHVWLJDWLRQV LQ VR
FDOOHG8QLILHG/LIH&\FOH(QJLQHHULQJ 8/&( >@$PRUH
IRUPDO XQGHUVWDQGLQJ RI WKH OLIH F\FOH HQJLQHHULQJ FRQFHSW
ZDVSUHVHQWHGGXULQJWKHHDUO\QLQHWLHV>@%RWKRIWKHVH
UHIHUHQFHV FOHDUO\ VWDWH WKDW /&( LV D V\VWHPDWLF ³FUDGOH WR
JUDYH´ DSSURDFK DQG WKDW LW ³SURYLGHV WKH PRVW FRPSOHWH
HQYLURQPHQWDOSURILOHRIJRRGVDQGVHUYLFHV´>@$ODWHU
DWWHPSW DW D GHILQLWLRQ RI /&( LV JLYHQ E\ -HVZLHW >@ DV
³(QJLQHHULQJ DFWLYLWLHV ZKLFK LQFOXGH WKH DSSOLFDWLRQ RI
WHFKQRORJLFDO DQG VFLHQWLILF SULQFLSOHV WR WKH GHVLJQ DQG
PDQXIDFWXUH RI SURGXFWV ZLWK WKH JRDO RI SURWHFWLQJ WKH
HQYLURQPHQW DQG FRQVHUYLQJ UHVRXUFHV ZKLOH HQFRXUDJLQJ
HFRQRPLF SURJUHVV NHHSLQJ LQ PLQG WKH QHHG IRU
VXVWDLQDELOLW\DQGDWWKHVDPHWLPHRSWLPL]LQJWKHSURGXFWOLIH
F\FOH DQG PLQLPL]LQJ SROOXWLRQ DQG ZDVWH´ ,Q WKHLU &,53
NH\QRWH +DXVFKLOG HW DO >@ H[SDQG WKLV GHILQLWLRQ ZLWK D
QXPEHURINH\ZRUGVEXW WKH IRFXV UHPDLQV VWURQJRQGHVLJQ
IRU HQYLURQPHQW DQG HIILFLHQW PDQXIDFWXULQJ %HVLGHV WKHVH
DWWHPSWV WRGHILQH/&(DQXPEHURI HQDEOLQJPHWKRGV WRROV
DQG WHFKQLTXHV KDYH EHHQ GHYHORSHG WR VXSSRUW GHFLVLRQ
PDNLQJ$OORIWKHVHKDYHEHHQGHYHORSHGERWWRPXSDQGFDQ





'HVLJQ IRU (QYLURQPHQW 'I( 'HVLJQ IRU 'LVDVVHPEO\
'I' DQG 'HVLJQ IRU 5HF\FOLQJ 'I5 7KHVH DUH DOO XVHG
GXULQJ WKHGHVLJQSKDVHZLWKD VWURQJ LQIOXHQFHRQRWKHU OLIH
F\FOHVWDJHVVLQFHXSWRRIWKHHQYLURQPHQWDOIRRWSULQWRI
D SURGXFW LV GHFLGHG GXULQJ WKH GHVLJQ SKDVH 7KH VHFRQG
JURXSFRXQWVPRUHJHQHULF WRROV OLNH/&$DQG/&&WKDWFDQ
EHDSSOLHG WRDQ\DQGDOO VWDJHVRI WKHSURGXFW OLIHF\FOH$V
PHQWLRQHGHDUOLHUDOORIWKHVHWRROVKDYHEHHQGHYHORSHGLQD




ZHUH GHYHORSHG RYHU WKH ODVW GHFDGHV 6RPH IUDPHZRUNV
FOXVWHUOLIHF\FOHUHOHYDQWPHWKRGVDQGWRROVZLWKUHJDUGWRWKH
WKUHH GLPHQVLRQV RI VXVWDLQDEOH GHYHORSPHQW DQGRU WR WKH
WLPH KRUL]RQ RI WKH GHFLVLRQ WR EH PDGH UDQJLQJ IURP
VWUDWHJLFWRPRUHRSHUDWLRQDOSHUVSHFWLYH>@7KHLPSRUWDQFH
RI FRQVLVWHQW GDWD DQG LQIRUPDWLRQ LV VWUHVVHG DV D FHQWUDO
HOHPHQWRIWKHIUDPHZRUNIRU/LIH&\FOH0DQDJHPHQW/&0
SURSRVHG E\:HVWNlPSHU DQG FROOHDJXHV >@ %DVHG RQ WKH
SULQFLSOHV RI WKH 9LDEOH 6\VWHP 0RGHO +HUUPDQQ DQG
FROOHDJXHV GHYHORSHG D IUDPHZRUN IRU 7RWDO /LIH &\FOH
0DQDJHPHQW FHQWUHG DURXQG WKH OLIH F\FOH DQG VXVWDLQDEOH
GHYHORSPHQWDVDQRUPDWLYHSULQFLSOH7KHIUDPHZRUNIXUWKHU
VWUXFWXUHV/&0 LQWR D VWUDWHJLF DQG DQRSHUDWLRQDO OD\HU DQG
GLVWLQJXLVKHVEHWZHHQOLIHF\FOHVSDQQLQJHJHQYLURQPHQWDO
OLIH F\FOH HYDOXDWLRQ DQG OLIH F\FOH VWDJHUHODWHG GLVFLSOLQHV
HJ DIWHUVDOHV PDQDJHPHQW WKDW KDYH WR LQWHUSOD\
V\QHUJLVWLFDOO\ >@ %DVHG RQ WKH HQYLURQPHQWDO DQG
WHPSRUDO VFRSH SURSRVHG E\ &RXOWHU DQG FROOHDJXHV >@
+HUUPDQQ SRVLWLRQV 7RWDO /LIH &\FOH 0DQDJHPHQW RQ D
VLQJOHWRPXOWLFRPSDQ\OHYHOEHWZHHQ,QGXVWULDO(FRORJ\DQG
DSSURDFKHV W\SLFDOO\ UHODWHG WR /&( VXFK DV 'I( DQG /LIH
&\FOH'HVLJQ >@ 7KHVH IUDPHZRUN DWWHPSWV DQG WKH OLVWHG
PHWKRGV DQG WRROV DOO DGGUHVV DQ HQYLURQPHQWDO FRQFHUQ EXW
WKHLU IRFXV LV RQ UHODWLYH LPSURYHPHQWV WRZDUGV D PRUH
VXVWDLQDEOH GHYHORSPHQW ZLWKRXW DGGUHVVLQJ WKH QHHG IRU DQ
DEVROXWHSHUVSHFWLYH
3HoDVHWDO>@JLYHDUHFHQWRYHUYLHZSUHVHQWLQJWKHVWDWH
RI WKH DUW ,Q WKHLU SDSHU WKH\ SUHVHQW DQ /&( WD[RQRP\
DFFRPSDQLHG E\ D OLWHUDWXUH UHYLHZ WRZDUGV FODVVLI\LQJ
H[LVWLQJWRROVDQGWHFKQLTXHVZLWKDQDWWHPSWWRVWUXFWXUHWKHP
XQGHU WKH XPEUHOOD RI WKHLU /&( WD[RQRP\ 7KH SURSRVHG
WD[RQRP\ LV EDVHG RQ WKH VWUDWHJLFPDQDJHPHQW DQG V\VWHP
WKHRULHV ZKLFK LV XVHIXO LQ WHUPV RI VWUXFWXULQJ WKH H[LVWLQJ
WRROV +RZHYHU LW GRHV QRW KHOS JXLGLQJ /&( SUDFWLWLRQHUV
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WRZDUGV WKH WDUJHW RI FUHDWLQJ HQJLQHHULQJ VROXWLRQV WKDW DUH
VXVWDLQDEOH LQ DEVROXWH WHUPV LQ RUGHU WR VWD\ ZLWKLQ WKH
SODQHWDU\ERXQGDULHV
&RQVLGHULQJ WKH FKDOOHQJHV WR DFKLHYH VXVWDLQDEOH
PDQXIDFWXULQJDQGWKHFHQWUDOUROHRIOLIHF\FOHHQJLQHHULQJLQ
DGGUHVVLQJ WKHVH FKDOOHQJHV WKHUH LV D QHHG IRU D V\VWHPDWLF
IUDPHZRUN RI OLIH F\FOH HQJLQHHULQJ WKDW RUJDQL]HV
HQJLQHHULQJDFWLYLWLHVWKURXJKRXWWKHOLIHF\FOHRIDSURGXFWRU
DWHFKQRORJ\DQGSRVLWLRQVWKHPDFFRUGLQJWRWKHLUOHYHUDJHLQ







RI HQYLURQPHQWDO FRQFHUQ DORQJ WKH [D[LV DQG WKH \D[LV
UHVSHFWLYHO\)LJXUH
)ROORZLQJ D WRSGRZQ DSSURDFK 6XVWDLQDELOLW\ GHVFULEHV
WKHZLGHUVSDFHGHILQHGE\WKH(DUWK¶VOLIHVXSSRUWV\VWHPDQG
WKH VSDQ RI RXU FLYLOL]DWLRQ 2QH OHYHO GRZQ DW WKH HGJH RI
VRFLHWLHVHFRQRPLHV DQG ZLWK D WLPH VFRSH EHWZHHQ WKH
JHQHUDWLRQ OLIHWLPH DQG WKH FLYLOL]DWLRQ VSDQ VXVWDLQDEOH
GHYHORSPHQW LV SRVLWLRQHG H[SUHVVLQJ WKH FRQWLQXRXV SURFHVV
RIFKDQJH2QHOHYHOIXUWKHUGRZQLQGXVWULDOHFRORJ\ORRNVDW
LQGXVWU\ DQG LWV VXUURXQGLQJ V\VWHPV >@ /LIH F\FOH
PDQDJHPHQW FRYHUV DOO DFWLYLWLHV EXW DOVR VWUXFWXUHV DQG
EHKDYLRXURIDQRUJDQLVDWLRQLQFOXGLQJQRUPDWLYHPDQDJHPHQW
HJ RUJDQL]DWLRQDO FXOWXUH VWUDWHJLF PDQDJHPHQW HJ
LQQRYDWLRQ EHKDYLRXU DQG RSHUDWLYH PDQDJHPHQW HJ
RSHUDWLRQDO OHDUQLQJ >@ 7KH IUDPHZRUN VHHV WKH
HQYLURQPHQWDO GLPHQVLRQ DV WKH EDVLV DQG ERXQGDU\ IRU
HFRQRPLF DQG VRFLDO VXVWDLQDELOLW\ ,W GHILQHV WKH VFRSH RI
/&( DV ORRNLQJ DW SURGXFWV IURP D PXOWLWXGH RI GLIIHUHQW
SURGXFWVWRDVLQJOHSURGXFWRYHUDOOVWDJHVRIWKHOLIHF\FOHV
DQGVWUXFWXUHV/&(ZLWKUHJDUGWRWKHPDLQDFWLYLWLHVDQGOLIH
F\FOH VWDJHV SURGXFW GHYHORSPHQW UDZ PDWHULDO H[WUDFWLRQ
PDQXIDFWXULQJ DIWHUVDOHV VHUYLFHHQJLQHHULQJ UHXVH
UHPDQXIDFWXULQJ UHF\FOLQJ DQG GLVSRVDO  7KHUHIRUH ZLWK




>@ ,Q WKH IUDPHZRUN WKH VFRSH RI HQYLURQPHQWDO FRQFHUQ
GHDOVZLWKWKHW\SHDQGVFDOHRIHQYLURQPHQWDOLPSDFWERWKLQ
WHUPV RI VSDWLDO RU JHRJUDSKLFDO VFDOH DQG LQ WHUPV RI
RUJDQLVDWLRQDO OHYHO LQ )LJXUH  UDQJLQJ IURP WKH
PDQXIDFWXULQJ V\VWHPRYHU VRFLHW\¶V HQWLUH HFRQRP\DQG WKH
RYHUDOOLPSDFWVRQVRFLHW\WRWKH(DUWK¶V/LIH6XSSRUW6\VWHP
DV FRQVLGHUHG LQ WKH VHWWLQJ RI 3ODQHWDU\ %RXQGDULHV ,Q WKLV
FRQWH[W3ODQHWDU\%RXQGDULHVDUHGHWHUPLQHGIURPDVFLHQWLILF





















































































GRHV QRW FRPSURPLVH RXU DELOLW\ WR VWD\ ZLWKLQ D VDIH
RSHUDWLQJVSDFHIRUKXPDQLW\ZLWKUHVSHFWWRWKH(DUWKV\VWHP
>@7KHVFRSHRIWHPSRUDOFRQFHUQGHDOVZLWKWKHWLPHVFDOH
UDQJLQJ IURP VLQJOH DQG PXOWLSURGXFW OLIH F\FOHV WR WKH
OLIHWLPHRIDJHQHUDWLRQXQWLOWKHFLYLOL]DWLRQVSDQ>@$ORQJ
WKH WZR D[HV WKH LQFUHDVH LQ WHPSRUDO DQG HQYLURQPHQWDO
VFRSHLVOLQNHGWRHDFKRIWKHIRXUIDFWRUVLQWKH,3$7HTXDWLRQ
(T  7KH WHFKQRORJ\ IDFWRU 7 KDV WKH VFRSH RI RQH RU
PXOWLSOH SURGXFWV LQ WKHLU OLIH F\FOHV DQG LV GHWHUPLQHG E\
GHFLVLRQVPDGHE\SURGXFWGHYHORSPHQW7KHDIIOXHQFHIDFWRU
$ KDV WKH VFRSH RI WKH HFRQRP\ DQG LV LQIOXHQFHG E\ WKH
JRYHUQDQFH RI DQG SROLWLFDO PDQDJHPHQW RI WKH ODWWHU 7KH
SRSXODWLRQ IDFWRU 3 KDV VRFLHWLHV¶ VFRSH RI HQYLURQPHQWDO
FRQFHUQ DQG WKH WHPSRUDO VFRSH RI JHQHUDWLRQV ZKLOH WKH
,PSDFW IDFWRU , UHSUHVHQWLQJ RXU LQWHUIHUHQFH ZLWK WKH
HQYLURQPHQWKDVWKHVFRSHRI(DUWK¶VOLIHVXSSRUWV\VWHPVDQG
WKHWHPSRUDOVFRSHRIFLYLOLVDWLRQV
:KHQ LQWHUSUHWLQJ WKH SURSRVHG IUDPHZRUN ERWWRPXS
/&(LVLQWKHFHQWUH3URGXFWGHYHORSPHQWSOD\VDFHQWUDOUROH
IRU/&(DVD ODUJHVKDUHRI WKHODWHUHQYLURQPHQWDO LPSDFW LV
DOUHDG\GHFLGHG DW WKLV VWDJH/&(PHWKRGV DQG WRROV VKRXOG
KHOS WRVXSSRUWGHFLVLRQPDNLQJ WRZDUGV WKHXSSHUVFRSHVRI
FRQFHUQRULHQWLQJLWWRZDUGVDEVROXWHVXVWDLQDELOLW\:LWKWKLV
/&( LV QRZ GHILQHG DV VXVWDLQDELOLW\RULHQWHG SURGXFW
GHYHORSPHQW DFWLYLWLHV ZLWKLQ WKH VFRSH RI RQH WR VHYHUDO
SURGXFWOLIHF\FOHV7KHPHWKRGVDQGWRROVXVHGLQ/&(PXVW
VXSSRUW UHGXFLQJ WKH WRWDO HQYLURQPHQWDO LPSDFW DVVRFLDWHG
ZLWK WHFKQRORJ\ FKDQJH DQG YROXPH LQFUHDVH IURP RQH
SURGXFW JHQHUDWLRQ WR DQRWKHU LQ RUGHU WR HQVXUH WKDW QHZ
SURGXFWWHFKQRORJLHVVWD\ZLWKLQWKHLUHQYLURQPHQWDOVSDFHDV
GHULYHGIURPWKHSODQHWDU\ERXQGDULHV/LIHF\FOHPDQDJHPHQW
/&0KDV WR VXSSRUW WKLVQHZXQGHUVWDQGLQJRQ D FRPSDQ\
OHYHOIRULQVWDQFHZLWKUHGHILQLQJWKHYLVLRQDQGPLVVLRQRIWKH
FRPSDQ\ >@ ,QGXVWULDO HFRORJ\ GHILQHG DV DQ LQWHJUDWHG
V\VWHPV DSSURDFK WR PDQDJH WKH HQYLURQPHQWDO HIIHFWV RI
XVLQJ HQHUJ\ PDWHULDOV DQG FDSLWDO LQ LQGXVWULDO HFRV\VWHPV
>@ KDV LQGXVWULDO V\PELRVLV DV D FHQWUDO HOHPHQW ZLWK
H[FKDQJH RI ZDVWH VWUHDPV EHWZHHQ LQGHSHQGHQW FRPSDQLHV




RI (DUWK¶V OLIH VXSSRUW V\VWHP WKH JRDO RI OLIH F\FOH
HQJLQHHULQJDFWLYLWLHVVKRXOGEHWRHQVXUHVXVWDLQDELOLW\LQWKH






WKH SODQHWDU\ ERXQGDULHV DQG WKH FRQFHSW RI DEVROXWH
VXVWDLQDELOLW\ 7KHPRWLYDWLRQ IRU WKH ODWWHU LV WKH UHDOLVDWLRQ
WKDW LQ RUGHU WR VXSSRUW WKH GHYHORSPHQW RI VXVWDLQDEOH
SURGXFWLRQDQGDVVRFLDWHGFRQVXPSWLRQSDWWHUQVHQJLQHHULQJ
DFWLYLWLHV DQG LQ SDUWLFXODU /&(PXVW FRQVLGHU WKH SODQHWDU\
ERXQGDULHV IURP WKH VFRSH RI ERWK HQYLURQPHQWDO DQG
WHPSRUDO FRQFHUQ &HQWUDO LQ WKLV HQGHDYRXU PXVW EH WKH
DWWHPSWWREULGJHWKHJDSEHWZHHQERWWRPXSHQJLQHHULQJDQG
UHTXLUHPHQWV GHULYHG IURP WRSGRZQ DSSURDFKHV VXFK DV WKH
ERXQGDULHVUHFHQWO\DJUHHGIRUFOLPDWHFKDQJHLPSDFWV,QWKH
FRUHRI WKHIUDPHZRUN WKH/&(DFWLYLWLHVDUHSRVLWLRQHGDVD
FUDGOHWRJUDYH SURGXFW GHYHORSPHQW DFWLYLW\ ,Q RUGHU WR
IRVWHU VXVWDLQDEOH GHYHORSPHQW DV D SDWKZD\ WRZDUGV D
VXVWDLQDEOH VRFLHW\KHQFH VXVWDLQDELOLW\DOOKXPDQDFWLYLWLHV
LQFOXGLQJ /&( DFWLYLWLHV ZLWKLQ DQ LQGXVWU\ IRU FXUUHQW DQG
IXWXUH JHQHUDWLRQV QHHG WR VWD\ ZLWKLQ WKLV ERXQGDU\ $V
SUHVHQWHGSUHYLRXVO\ WKH,3$7HTXDWLRQ(TFDQEHXVHG
WRGHWHUPLQHWKHH[SHFWHGDQGZDQWHGGHYHORSPHQWVDWKLJKHU
VFRSHV LQ WKH V\VWHP DQG LQ D WRSGRZQ DSSURDFK GHWHUPLQH
WKH UHTXLUHPHQWV WKDW VXFK GHYHORSPHQWV SRVH WR WKH PRUH
QDUURZ VFRSHV DQG LQ SDUWLFXODU WR /&( DFWLYLWLHV DW WKH
FRPSDQ\RUSURGXFWOHYHO
5HIRFXVLQJ/LIH&\FOH(QJLQHHULQJ/&(
$OO PHWKRGV DQG WRROV DV ZHOO DV IUDPHZRUNV WKDW KDYH
EHHQ GHYHORSHG RYHU WKH \HDUV LQ GLIIHUHQW GLVFLSOLQHV DQG
ZLWKLQ VSHFLILF GRPDLQV DUH WDUJHWLQJ GLIIHUHQW SUREOHPV RU
DPELWLRQV LQ UHODWLRQ WR VXVWDLQDELOLW\ $V D UHVXOW WKHUH LV
RIWHQ OLWWOH V\QHUJ\ EHWZHHQ WKHP DQG WKH\ FRPSOHWHO\ ODFN
WKHRYHUDOOJRDOZKLFKPXVWEHDFKLHYLQJWKHVXVWDLQDELOLW\RI
WKHV\VWHPRUWHFKQRORJ\LQDEVROXWHWHUPV7KHUHIRUHWKH\GR
QRW SURYLGH D SDWKZD\ IRU WKH /&( SUDFWLWLRQHUV WR GHYHORS
SURGXFWV DQG SURFHVVHVZKLOH WDNLQJ WKH DEVROXWH ERXQGDULHV
IRUHQYLURQPHQWDOVXVWDLQDELOLW\ LQWRDFFRXQW ,QDGGLWLRQ WKH
PDLQ DLP RI /&( GXULQJ SURGXFW GHYHORSPHQW KDV EHHQ
H[SDQGHGIURPWKHRULJLQDOIRFXVRQHQYLURQPHQWDOLPSDFWVWR
LQFOXGHWKHHFRQRPLFGLPHQVLRQZLWKWKHDGYHQWRIWKHWULSOH
ERWWRP OLQH FRQFHSW ZKLFK DJDLQ KDV OHG WR WUDGLQJ RII WKH
HFRQRPLFGLPHQVLRQDWWKHH[SHQVHRIWKHHQYLURQPHQWDODQG
VRFLDO GLPHQVLRQV ,Q RUGHU WR UHIRFXV /&( HIIRUWV LW LV
LPSHUDWLYHWKDWWKHVWDUWLQJSRLQWRIOLIHF\FOHWKLQNLQJDQGWKH
IRXQGDWLRQ RI /&( DUH ZHOO XQGHUVWRRG 7KH HDUO\ URRWV RI
/&( LQ WKH PHQWLRQHG 8QLILHG /LIH&\FOH (QJLQHHULQJ
8/&( >@ DQG WKH SXEOLFDWLRQV RI.HROHLDQ DQG0HQHUH\
>@DQG$OWLQJDQG-¡UJHQVHQ>@DOOSUHVHQWDPRUHIRUPDO
XQGHUVWDQGLQJRI WKH/&(FRQFHSW DV D V\VWHPDWLF ³FUDGOH WR
JUDYH´ DSSURDFK WKDW ³SURYLGHV WKH PRVW FRPSOHWH
HQYLURQPHQWDO SURILOHRIJRRGV DQG VHUYLFHV´7KH\JRRQ WR
VWDWHWKDWFRQVLGHUDWLRQRIWKHHQWLUHOLIHF\FOHKHOSVGHVLJQHUV
³HQVXUH WKDW WKH HQYLURQPHQWDO LPSDFW RI WKHLU SURGXFWV DUH
GLVFRYHUHG DQG UHGXFHG QRWPHUHO\ VKLIWHG WR RWKHU SODFHV´
$OWKRXJKWKHVFRSHRIWKLVGHILQLWLRQLVRQHSURGXFWOLIHF\FOH
LW LV FOHDU WKDW WKH IRFXV LV RQ WKH HQYLURQPHQWDO GLPHQVLRQ
ZKLFKLVLQOLQHZLWKWKHVXVWDLQDELOLW\PRGHOJLYHQLQ)LJXUH

7KHUHIRUH LW LV LPSHUDWLYH WR UHYLVLW WKH JUDVVURRWV DQG
IRFXV/&(ZLWKUHVSHFWWRLWVVWDUWLQJSRLQWWKHFRQFHUQDERXW
HQYLURQPHQWDO LPSDFWV FDXVHG E\ WHFKQLFDO SURGXFWV DQG
SURFHVVHV +RZHYHU LQVWHDG RI IRFXVLQJ RQ HIILFLHQF\ DQG
ERWWRPXS WKLQNLQJ WKH ELJSLFWXUH RI DEVROXWH









QRW RQO\ IRU WKH VLQJOH SURGXFW DQG SURGXFW OLIH F\FOH
WHFKQRORJ\HIIHFWEXWDOVRIRUWKHDQWLFLSDWHGYROXPHJURZWK
DV D UHVXOW RI FRQVXPSWLRQ DQG SRSXODWLRQ LQFUHDVH YROXPH
HIIHFW VR WKDW WKH DVVRFLDWHG WRWDO HQYLURQPHQWDO LPSDFW FDQ
EH WDNHQ LQWR DFFRXQW GXULQJ WKH SURGXFW GHYHORSPHQW VWDJH
,Q RUGHU WR VWD\ ZLWKLQ WKH DEVROXWH ERXQGDULHV IRU
HQYLURQPHQWDO VXVWDLQDELOLW\ HJ WKH SODQHWDU\ ERXQGDULHV
DQG DFKLHYH DEVROXWH VXVWDLQDELOLW\ WKH WRWDO HQYLURQPHQWDO
LPSDFW RI WKH QHZ SURGXFW JHQHUDWLRQ PXVW QRW H[FHHG WKH
VSDFH WKDW LV DYDLODEOH IRU WKH DFWLYLW\ 7KLV QRUPDOO\PHDQV
WKDWLWKDVWREHOHVVWKDQWKHWRWDOHQYLURQPHQWDOLPSDFWRIWKH
SUHYLRXVJHQHUDWLRQ  ,I WKLV LVQRWDWWDLQDEOHZLWK WKHFXUUHQW
SURGXFW WHFKQRORJLHV WKHQ WKH HFRHIILFLHQF\ OLPLWV DUH
H[KDXVWHGDQGDQHZHFRHIIHFWLYH WHFKQRORJ\VROXWLRQDUH WR
EH VRXJKW PHDQLQJ WKDW ZH KDYH WR VWULYH IRU IXQFWLRQ DQG
V\VWHPLQQRYDWLRQ>@RUHYHQEH\RQG>@




WR KHOS /&( SUDFWLWLRQHUV QHZ WRROV DQG WHFKQLTXHV DUH
UHTXLUHG LQ WKH DUHD RI IXQGDPHQWDO IXQFWLRQ DQG V\VWHP
LQQRYDWLRQ WR VXSSRUW WKH OHDSV QHHGHG WRZDUGV DFKLHYLQJ
DEVROXWH VXVWDLQDELOLW\ DV LQGLFDWHG E\ WKH IDFWRU 
LPSURYHPHQWV LQ WKH DYHUDJH WHFKQRORJ\ IDFWRU UHTXLUHG WR
PHHW WKH UHTXLUHPHQWV IRU FOLPDWH FKDQJHE\7KHUH LV
KRZHYHU D GHDUWK RI UHVHDUFK LQWR GHYHORSPHQW RI WRROV WR
JXLGH /&( SUDFWLWLRQHUV WRZDUGV DEVROXWH VXVWDLQDELOLW\ DQG
ZKDW GRHV H[LVW LV OLPLWHG ([DPSOHV DUH RIIHUHG E\ WKH
PHWKRGRORJ\ XVHG E\ 3DQDVRQLF &RPSDQ\ DQG 7RVKLED
&RPSDQ\NQRZQDV)DFWRU;>@DQG)DFWRU7>@WKDWWDNHV
DUDWLRRIWKHHFRHIILFLHQF\RIQHZSURGXFWZLWKUHVSHFWWRWKH
EHQFKPDUNSURGXFW$OWKRXJK WKHVH DSSURDFKHV DUH ILUVW VWHS
WR LPSURYHSURGXFWSHUIRUPDQFHZLWK UHVSHFW WR WKHSUHYLRXV
JHQHUDWLRQWKHPDLQDLPLVVWLOOWRLPSURYHWKHHFRHIILFLHQF\
RI SURGXFW WHFKQRORJLHV KHQFH LW LV D WUDGHRII EHWZHHQ
HQYLURQPHQWDO DQG HFRQRPLF REMHFWLYHV 7KH PHWKRGRORJ\
SURSRVHGE\.LPDQGFRZRUNHUV>@LVSHUKDSVWKHILUVW
VWHS WRZDUGV GHYHORSLQJ WRROV IRU /&( SUDFWLWLRQHUV WR WDNH
LQWRDFFRXQWWHFKQRORJ\DQGYROXPHHIIHFWRQWKHHQYLURQPHQW
DQG EHQFKPDUN WKH QHZ JHQHUDWLRQ HQYLURQPHQWDO
SHUIRUPDQFH WR WKHROGJHQHUDWLRQ7KHPDLQ VKRUWFRPLQJRI
WKLV DSSURDFK LV WKDW LW DOVR GRHV QRW SURYLGH DQ DEVROXWH
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$EVROXWH ERXQGDULHV DW WKH OHYHO RI FRPSDQLHV RU HYHQ
LQGLYLGXDOSURGXFWVPD\EHEDVHGRQWKHERXQGDULHVSUHVHQWHG
E\ HJ WKH 3ODQHWDU\ %RXQGDU\ IUDPHZRUN RU RWKHU VFLHQFH
EDVHG ERXQGDULHV IRU PDQPDGH HQYLURQPHQWDO LPSDFW HJ
> @ 7KHVH ERXQGDULHV VHW DQ DEVROXWH OLPLW IRU PDQ
PDGH HQYLURQPHQWDO LPSDFWV WKDW GHILQHV D WRWDO SROOXWLRQ




WKH JLYHQ LQGXVWU\ VKRXOG EH GHWHUPLQHG WR TXDQWLI\ WKH
HQYLURQPHQWDO VSDFH WKDW WKH FRPSDQ\ LV HQWLWOHG WR RFFXS\
7KLVZLOOJLYHPDQXIDFWXUHUVWKHIUHHGRPWRH[HUFLVHFUHDWLYLW\
ZLWKLQ WKH HQYLURQPHQWDO VSDFH DOORFDWHG WR WKHP IURP D




QR DJUHHPHQW RQ D XQLIRUP FULWHULRQ 7KH DYDLODEOH VSDFH
PLJKW EH DOORFDWHG DPRQJ FRXQWULHV DFFRUGLQJ WR SRSXODWLRQ
ILJXUHV 7KH UHVXOWLQJ ³SHUVRQDO HQYLURQPHQWDO VSDFH´ KDV
EHHQSURSRVHGIRU WKHQRUPDOLVDWLRQVWHSRI OLIHF\FOH LPSDFW
DVVHVVPHQWE\ >@9DOXH FUHDWLRQPLJKW DOVREHXVHG DV DQ
DOORFDWLRQ NH\ ZKHQ GLYLGLQJ WKH DYDLODEOH HQYLURQPHQWDO
VSDFH EHWZHHQ DFWRUV DQG WKURXJK WKH DSSOLHG PDUNHW
PHFKDQLVP WKLV LVSDUWO\ LPSOHPHQWHG LQ WKHH[LVWLQJV\VWHP
IRU GLVWULEXWLRQ DQG PDQDJHPHQW RI JOREDO JUHHQKRXVH JDV




PDQ\ LQGXVWULHV VLQFH LW HQVXUHV WKHP D VSDFH WKDW LV






:LWK WKH SUHVHQWHG OLIH F\FOH HQJLQHHULQJ IUDPHZRUNZH
SRVLWLRQ PDQXIDFWXULQJ LQ WKH FRQWH[W RI DEVROXWH
HQYLURQPHQWDO VXVWDLQDELOLW\ %\ WKLV ZH KRSH WR LQVSLUH DQ
XQGHUVWDQGLQJRIWKHUROHVDQGUHDFKHVRIGLIIHUHQW/&(WRROV
DQG DFWLYLWLHV 7KH IUDPHZRUN HPSKDVL]HV WKH QHHG IRU DQ
RULHQWDWLRQ RI HQJLQHHULQJ DFWLYLWLHV WRZDUGV DFKLHYLQJ
VXVWDLQDEOHPDQXIDFWXULQJWKDWDOORZVIXOILOOLQJQHHGVRIERWK
SUHVHQW DQG IXWXUH JHQHUDWLRQV ZLWKRXW H[FHHGLQJ WKH
ERXQGDULHV RI (DUWK¶V OLIH VXSSRUW V\VWHPV 7KH WUDGLWLRQDO
ERWWRPXSDSSURDFKHV VWDUWLQJ LQ WKHSURGXFWLRQSURFHVVDQG
WKH SURGXFW DLPLQJ IRU LPSURYHG HFRHIILFLHQF\ PXVW PHHW
WRSGRZQ DSSURDFKHV WKDW GHILQH DEVROXWH WDUJHWV IRU RXU
SURGXFWLRQ VWDUWLQJ LQ WKH UHTXLUHPHQWV WKDW PXVW EH PHW WR
HQVXUHHQYLURQPHQWDOVXVWDLQDELOLW\
$V PHQWLRQHG DERYH WKH HQYLURQPHQWDO FRQFHUQ ZDV WKH
RULJLQDOIRFXVRI/&(RIWKHFRPPXQLW\LQVXVWDLQDELOLW\DQG
WKH ³VKLIW´ WRZDUGV WULSOH ERWWRP OLQH WKLQNLQJ WKH SLFWXUH
EHFDPH EOXUU\ DQG WKH XQIRFXVHG DV HYHU\ERG\ZDV DEOH WR
EULQJ KLV RZQ WRROV DQG DSSURDFKHV WR WKH SOD\LQJ ILHOG RI
/&(,QVWHDGRIWU\LQJWRFODVVLI\DQGVWUXFWXUHWKLVPXOWLWXGH
WKH UHDOL]DWLRQ RI WKH SUR[LPLW\ RI DEVROXWH ERXQGDULHV IRU
HQYLURQPHQWDOVXVWDLQDELOLW\FDOOVRQXVWRUHIRFXVDQGUHWXUQ
WR WKH VWDUWLQJ SRLQW HQYLURQPHQWDO FRQFHUQ ILUVW /&$ RU
/&$ GULYHQ DSSURDFKHV PRYH LQWR WKH FHQWUH LQVWHDG RI
KDYLQJ /&$ DV MXVW RQH DSSURDFK RXW RI PDQ\ )URP WKLV
SHUVSHFWLYHZH KDYHGHULYHG D IUDPHZRUN FHQWUHG RQ/&$
EDVHG DSSURDFKHV IURP WKH ERWWRPXS SHUVSHFWLYH DQG RQ
,3$7WKLQNLQJ IUDPHG E\ DEVROXWH HQYLURQPHQWDO
VXVWDLQDELOLW\ OLPLWV OLNH WKH SODQHWDU\ ERXQGDULHV IURP WKH
WRSGRZQ SHUVSHFWLYH 7KLV QHZ IUDPHZRUN HPSKDVL]HV WKH
GHDUWK RI PHWKRGV DQG WRROV WKDW VXSSRUW /&( WRZDUGV
DEVROXWHDQGQRWRQO\UHODWLYHVXVWDLQDELOLW\
,W LV WKH KRSH RI WKH DXWKRUV WKDW WKH LQWURGXFWLRQ RI DQ
DEVROXWH VXVWDLQDELOLW\ SHUVSHFWLYH LQ WKH IUDPHZRUN PD\
LQVSLUH GHYHORSPHQW RIPHWKRGV DQG WRROV QHHGHG WR HOHYDWH
/&(IURPEHLQJDQH[HUFLVHLQHFRHIILFLHQF\LPSURYHPHQWWR
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WUDQVLWLRQ*UHDW7UDQVLWLRQ,QLWLDWLYH
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 JOREDO DQG VHFWRUDO DVSHFWV &RQWULEXWLRQ RI
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